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254a Monday, February 4, 2013We conclude that the two strands are effectively stapled together through a large
number of weak bonds involving T4 ligase. The absence of a similarly strong
transformation of DNA in free solution points towards the necessity of parallel
pre-alignment through the nanotube. We point to the fact that the formation of
hairpins and the 1-d scanning of strands past each other solves the kinetic prob-
lem of forming a loop in a maze-like environment.
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Integration Host Factor (IHF) is a heterodimeric DNA-binding protein pro-
duced by E.coli. IHF interacts with the minor groove and phosphodiester back-
bone of the DNA to create sharp bends in the DNA and is often referred to as an
architectural protein. Although the protein binds sequence-specifically, it also
recognizes DNA conformation. Prokaryotic cellular processes involving IHF
include viral integration, replication and activation of gene expression.
We have recently shown that IHF exhibits high binding affinity for the Holliday
or four-way junction DNA (4WJ), an intermediate in homologous recombina-
tion where strands from different chromosomes cross over. Fo¨rster Resonance
Energy Transfer (FRET), where the 5’-ends of DNA strands are labeled with
fluorophores, is used to determine the conformational changes of the 4WJ
when interacting with DNA-binding proteins. These measurements have shown
that the 4WJ opens upon binding with IHF, which is consistent with data pro-
moting the protein’s involvement in recombinase action. Subsequent FRET ex-
periments performed confirm this observation, and provide a value for the
efficiency of binding and the degree of distortion induced.
Interactions between IHF and the cos I1 site of DNA from the lambda bacterio-
phage will also be explored. It is known that IHF induces bending at cos sites.
The affinity of binding to D cos DNA is compared to that between IHF and its
consensus sequence (H1) in E. coli DNA. Gel mobility shift assay (GMSA) and
solutions experiments will measure the binding and affinity of IHF with the cos
I1 site. FRET experiments with labeled cosI1 DNA will reveal the distortion
induced upon IHF binding and these results will be compared to those with
IHF binding to the H1 site.
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RNA aptamers are structured single-stranded oligonucleotides that specifically
bind to a broad spectrum of biomolecular targets with as tight as pM affinity.
The structural stability and diverse functionality of aptamers have enabled their
use as diagnostic tools, inhibitors and potential therapeutic agents. However,
a detailed understanding of how aptamers specifically bind to selected regions
on the surface of proteins and cells lags significantly behind advances in their
applications. Solving a high resolution RNA aptamer structure by crystallo-
graphic or spectroscopic methods require minimizing the aptamer into a com-
pact form. We show that aptamers can be effectively minimized for structural
analysis using chemical mapping to experimentally define the secondary struc-
ture and identify tertiary contacts within the RNA and with the target protein.
Ribonuclease and SHAPE mapping were used to determine the correct pre-
dicted secondary structure of a high affinity aptamer (Lys1) selected against
hen egg white lysozyme (KD ~ 30 nM). A deletion variant, minE, was engi-
neered to delete a long apparently unstructured region. Binding assays indicate
comparable affinity of lysozyme against minE, KD ~ 20 nM. The lysozyme-
minE complex was solved by x-ray crystallography at 2.0 A˚ resolution yielding
a seventh RNA aptamer-protein structure. Solution hydroxyl-radical footprint-
ing confirms the binding interface observed in the crystal. The minE aptamer
interacts with a basic face of lysozyme, which is located opposite from the cat-
alytic residues Asp52 and Glu35. The minE aptamer inhibits the function of
lysozyme in vitro. The binding of minE distant from the catalytic site suggests
that the aptamer inactivates lysozyme allosterically. The long term goal of this
study is to develop a systematic approach to aptamer minimization and use
solved structures to probe the mechanisms by which RNA aptamers bind their
targets and regulate catalytic activity and/or cellular function.
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Minneapollis, MN, USA.The human immunodeficiency virus type 1 (HIV-1) Gag protein is essential
for retroviral assembly. During viral maturation, Gag is processed to form
matrix (MA), capsid (CA), and nucleocapsid (NC). Mature NCp7 is derived
from processing of NCp15 and NCp9. NCp7 functions as a nucleic acid
chaperone during retroviral replication, in which it rearranges nucleic acids
to facilitate reverse transcription and recombination. In this work, we used
single-molecule DNA stretching to probe the interactions of these proteins
with DNA. Using this technique, we have previously shown that NCp7
destabilizes DNA with rapid kinetics, yielding almost reversible force-
extension curves. NCp7 intercalates into dsDNA to keep the two single
strands close together while destabilizing them. Surprisingly, multiple stretch
and release cycles of DNA in the presence of NCp7 yields changing force-
extension curves on the time scale of tens of minutes. If the NCp7 solution
is rinsed from the buffer surrounding the DNA molecule, we find that
some fraction of the bound protein does not dissociate. The protein only dis-
sociates completely when competitor DNA is introduced to the solution sur-
rounding the stretched DNA molecule. Thus, NCp7 exhibits binding modes
on multiple time scales, including both rapid microscopic and slow macro-
scopic dissociation rates. To test the origin of this surprising behavior
and understand how NC-DNA interactions are regulated, we will also apply
these methods to NCp9 and NCp15 interactions with DNA. Further studies
will elucidate the kinetics of these protein-DNA interactions. This work
was funded in part by Federal Funds from NCI, NIH under contract
HHSN261200800001E (RJG).
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Drug resistance is a serious complication for patients with an infection, and
unfortunately, bacteria and fungi are quickly rendering many therapeutic drugs
ineffective. In Saccharomyces cerevisiae, this mechanism is defined as pleio-
tropic drug-resistance (PDR). Overexpression of drug efflux pumps, which
transport drugs out of the cell, is controlled by two major transcriptional reg-
ulators, Pdr1p and Pdr3p. Homologous PDR pathways have been identified in
other pathogenic species, such as Canadida albicans. Pdr1p and Pdr3p are zinc
cluster transcription factors that recognize a pair of CGG repeats in the pro-
moter region of target PDR genes. Interestingly, these transcriptional regula-
tors tolerate sequence variation within the binding site and recognize a small
group of variant sites. Pdr1p and Pdr3p have been shown to selectively regulate
PDR genes through canonical and variant binding sites. This is observed in the
differential regulation of two PDR genes: PDR5, the prominent ABC trans-
porter and HXT11, a hexose transporter. Pdr1p and Pdr3p recognize a variant
binding site in the promoter region of PDR5; however, the transcriptional
regulators do not recognize the same variant site in the promoter of HXT11.
The regulatory mechanism for how canonical and variant binding sites lead
to differential PDR gene expression has yet to be explored. These protein/
DNA interactions have been studied using two approaches, binding
affinity and specificity studies. Fluorescence anisotropy and surface plasmon
resonance were used to determine the individual binding affinities of the
DNA-binding domain (DBD) for canonical and variant binding sites, and
x-ray crystallography was utilized to resolve the molecular interactions
between the DBD complex with canonical and variant binding sites. Differ-
ences in the binding motifs and in the DBDs of Pdr1p and Pdr3p must allow
for differential regulation, making this a unique system for investigation and
a possible drug target.
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Specific inhibition or activation of enzymes and other proteins with small
molecules is a widely exploited approach to modulating cellular pathways.
Targeting the expression of these proteins at the level of transcription has
remained relatively unexplored, however, and may offer significant biotechno-
logical and therapeutic potential. We are interested in pharmacological modu-
lation of genes controlled by members of the ETS family of transcription
factors. ETS proteins are widely distributed among metazoan phyla and regu-
late a functionally diverse array of genes. As a model system, we have charac-
terized the inhibition of sequence-specific binding of the ETS domain of PU.1
(Spi-1) to a natural high-affinity site by distamycin. Using previously estab-
lished thermodynamic data on this protein-DNA system, we have refined the
experimental conditions for surface-plasmon resonance (SPR) overcome
Monday, February 4, 2013 255amass transfer and other issues that have limited the use of SPR in protein-
DNA interactions under physiologically relevant conditions. We found that
distamycin potently inhibits PU.1 ETS binding with an IC50 of 2.5 nM
under physiologic conditions. Since distamycin binds in the minor groove
and ETS domains recognize their consensus motif in the major groove, this
is an example of allosteric inhibition of a DNA-binding protein. We are now
extending our studies to explore the potential of inhibiting the ptgs2 promoter,
a native ETS-dependent promoter sequence, in live cells. We have engineered
a reporter system based on a bright but destabilized green fluorescent protein
(GFP) with a 2-hour biological half-life. We are characterizing this system
in various cell lines that respond to various stimuli by inducing expression
of the ptgs2 gene. We expect the combination of SPR and GFP reporter to
serve as a useful platform for screening and developing ETS-targeting drug
candidates.
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Eukaryotic gene expression is regulated by chromatin structures and/or DNA
modification such as CpG methylation. The basic unit of eukaryotic chromatin
structure is a nucleosome consisting of approximately 150 bp DNA wrapped in
1.7 superhelical turns around a histone octamer. The histone octamer consists
of two copies each of H2A, H2B, H3 and H4. Posttranslational histone
modifications such as acetylation, methylation, phosphorylation and ubiquity-
lation regulate chromatin structure, resulting in activation or repression of
gene expression. On the other hand, CpG methylation represses gene expres-
sion and is essential for silencing of parasitic DNA, genomic imprinting and
embryogenesis. During DNA replication, methylated CpGs are converted
into hemi-methylated CpGs and newly replicated CpGs should be methylated
to inherit methylation pattern. DNAmethyltransferase 1 (Dnmt1) is the enzyme
to methylate hemi-methylated CpG regions. Uhrf1 is methylated CpG
binding protein and interacts with Dnmt1, followed by recruitment of Dnmt1
to hemi-methylated CpG regions. SRA domain of Uhrf1 is responsible for
hemi-methylated CpG binding activity. We characterize the process of hemi-
methylated CpG recognition by SRA domain using Single-Molecule technique,
and in this symposium, we will show our present data.
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Telomeres are nucleoprotein heterochromatic structures that protect and stabi-
lize the ends of eukaryotic chromosomes. In humans, telomeric DNA contains
2-20 thousand base pairs (bp) of double-stranded tandem repeats of a small
motif 5’-TTAGGG-3’ with 50-500 bp of single-stranded overhang. Telomeric
DNA is capped by a number of structural proteins, including telomeric-repeat
binding factor 1 and 2 (TRF1 and TRF2) that bind in a sequence-specific
manner to double-stranded telomeric regions. TRFs recruit other proteins to
telomere to form a complex known as shelterin that maintains genome integrity
through preventing activation of DNA damage response by the ends of linear
chromosomes. For cancer cells, loss of shelterin components has been shown
to trigger a rapid DNA damage response leading to apoptosis and decreased
tumorigenic potential. Therefore, the complexes of telomeric DNA with TRF
proteins have been investigated as potential target for new anticancer strategies.
To identify ways of inducing rapid telomere deprotection through destabiliza-
tion of DNA-TRF complexes, the molecular details of the recognition in these
structures are necessary. Here, using equilibrium molecular dynamics (MD),
steered MD and free energy simulations, we examine the mechanism by which
telomeric DNA sequences are recognized and bound by the TRF DNA-binding
domains. To further clarify this mechanism, we analyze how DNA-TRF bind-
ing is affected by the presence of C-1305, a triazoloacridone derivative that was
previously shown in our group to selectively cause dissociation of TRF proteins
from telomeric DNA and to induce fast-pathway response via DNA-repair
machinery. To our knowledge, this is the first report in which molecular details
of small molecule-induced destabilization of DNA-protein complexes are
presented.1309-Pos Board B201
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To obtain a high level of accuracy during protein synthesis, several
different quality control steps are employed by the cellular machinery. The
aminoacyl-tRNA synthetases (aaRS) play a critical role in identifying amino
acids and pairing them with their cognate tRNAs. Prolyl-tRNA synthetase
(ProRS) from all three domains of life has been shown to mischarge alanine
and cysteine onto tRNAPro. Most bacterial ProRSs have an editing domain
that deacylates mischarged Ala-tRNAPro. However, this double-sieve editing
mechanism is not sufficient to clear Cys-tRNAPro. Instead, a free-standing
homolog of the ProRS editing domain called YbaK deacylates mischarged
Cys-tRNAPro species.
We have demonstrated that tRNAPro, ProRS and YbaK form a ternary complex
in vitro and in vivo, but the details of this complex are not known.
Based on preliminary computational studies, we hypothesize that the alanine
editing domain of ProRS undergoes a conformational change to facilitate
YbaK binding. In addition, the CCA-30 end of the tRNA must also be involved
in significant conformational changes, translocating between the synthetic
active site, the ProRS editing domain active site located 35 A˚ away, and
YbaK. To probe these protein and RNA domain movements, we devised
a fluorescence resonance energy transfer (FRET)-based approach. To date,
using ensemble time-resolved FRET, we have measured an ~20 A˚ conforma-
tional change in the ProRS editing domain upon YbaK binding, confirming
our hypothesis of a large conformational change to accommodate YbaK. More-
over, the distance between tRNA and YbaK differ by ~15 A˚ in the presence and
absence of ProRS, further verifying a conformational change. Current studies
are aimed at obtaining additional distance constraints between components
of the ternary complex.
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The sequence dependence of DNA-protein interactions that allows proteins to
find the correct reaction site also slows down the 1D diffusion of the protein
along the DNA molecule, leading to the so-called ‘‘speed-stability paradox,’’
wherein fast diffusion along the DNA molecule is seemingly incompatible
with stable targeting of the reaction site. Here, we develop diffusion-reaction
models that use discrete and continuous Gaussian random 1D diffusion land-
scapes with or without a high-energy cut-off, and two-state models with a tran-
sition to and from a ‘‘searching’’ mode in which the protein diffuses rapidly
without recognizing the target. We show the conditions under which such con-
siderations lead to a predicted speed-up of the targeting process, and under
which the presence of a ‘‘searching’’ mode in a two-state is nearly equivalent
to the existence of a high-energy cut-off in a one-state model. We also deter-
mine the conditions under which the search is either diffusion-limited or
reaction-limited, and develop quantitative expressions for the rate of successful
targeting as a function of the site-specific reaction rate, the roughness of the
DNA-protein interaction potential, and the presence of a ‘‘searching’’ mode.
In general, we find that a rough landscape is compatible with a fast search if
the highest energy barriers can be avoided by ‘‘hopping’’ or by the protein tran-
sitioning to a lower-energy ‘‘searching’’ mode. We validate these predictions
with the results of Brownian dynamics, kinetic Metropolis, and Kinetic Monte
Carlo simulations of the diffusion and targeting process, and apply these
concepts to the case of T7 RNA polymerase searching for its target site on
T7 DNA.
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Many vital biological processes rely on the fast searching of DNA by proteins
with an average scanning rate of about 10 microseconds per base pair. The un-
derlying mechanism involves the ability of the protein to first bind nonspecif-
ically and then to move along DNA with ‘‘facilitated diffusion’’ involving four
processes: sliding, hopping, jumping, and intersegmental transfer. In order to
fully explain sliding dynamics of proteins along DNA an atomic representation
of the system is needed. Studying the dynamics of the nonspecific binding and
facilitated search mechanisms on DNA strands in atomic detail will not only
provide an understanding of how one of the most important cellular regulatory
